Background and Purpose: Strokes due to small (<2 cm) cerebellar infarction are under-recognised, and their profile and aetiology have not been well characterised. We aimed to determine the frequency, clinical features, aetiology, and outcome of small as compared to large cerebellar infarction. Methods: This study is a retrospective analysis of clinical and imaging features of a prospectively assessed series of 108 consecutive patients with acute cerebellar infarction admitted to Liverpool Hospital, Sydney, NSW, Australia, during 2011-2015. Results: The mean age of the patients was 67 years, and 33 (31%) had small cerebellar infarction. Compared to large cerebellar infarction, those with small cerebellar infarction had a comparable distribution of vascular risk factors but significantly less nausea and vomiting, gait disturbance, limb ataxia, and dysarthria. The posterior (n = 22, 67%) lobe was most commonly affected, followed by the anterior (n = 9, 27%) and flocculonodular (n = 2) lobes. Dizziness, limb ataxia, and nystagmus were significantly more common in patients with anterior lobe infarction. Vertebrobasilar disease was the presumed aetiology in 40 patients (37%), and was less commonly seen in small as compared to large cerebellar infarction. Cardioembolism affected 37% of the patients, irrespective of the size or topography of the cerebellar infarction, and there was no relation of supratentorial white matter lucencies (WMLs) to the size of cerebellar infarction. At 3 months, 65% of the patients were functionally independent (according to modified Rankin Scale scores of 0-2), and having a poor outcome was significantly related to moderate-to-severe supratentorial WML and large cerebellar infarction. Conclusions: Small cerebellar infarction accounted for one-third of the ischaemic strokes in this location, most often involved the posterior lobe, causing fewer clinical features, and had a better clinical outcome than large cerebellar infarction. Patients with small cerebellar infarction require appropriate vascular management including investigation for a cardioembolic source.
Introduction
Cerebellar infarction (CBI) accounts for 2-3% of all ischaemic strokes [1, 2] , and can be classified as small or large on the basis of a 2-cm cut point in diameter [3, 4] . The primary functions of the cerebellum are sensorimotor (anterior lobe), non-motor affective and cognitive (posterior lobe), vestibular (flocculonodular lobe), and mixed sensorimotor, cognitive, and limbic processing within the deep white matter ( Fig. 1) [5, 6] . Uncertainty exists over how the aetiology and outcome are related to the topography of small CBI, in particular with regard to cerebral small vessel disease, which most clearly manifests as supratentorial white matter lucencies (WMLs) [7] [8] [9] . One study of isolated first-ever CBI suggests an association of severity of supratentorial WML with cerebellar symptoms [10] .
We aimed to determine the frequency, aetiology, and outcome of acute small CBI as compared to large CBI; the relation of clinical features and aetiology to the lesion topography of small CBI; and any association of supratentorial WML with aetiology and outcome of small CBI.
Methods
This study is a subanalysis of a previously published prospective cohort study of a consecutive series of 115 patients with acute CBI who were admitted to Liverpool Hospital, a large teaching and tertiary referral hospital in Sydney, NSW, Australia, from November 2011 to August 2015 [1] . Infarct size was classified on axial MRI diffusion-weighted imaging sequences (n = 92) or axial CT scans (n = 16) as small (≤2 cm) or large (>2 cm) on the basis of the longest diameter of a single area. Patients who only underwent CT had a contraindication to MRI, which included having a low Glasgow Coma Scale score (n = 10), delirium (n = 5), or a pacemaker (n = 1). All patients with multiple CBIs had typically bilateral CBIs (n = 7). Due to uncertainty of classification, patients with multiple CBIs were excluded from our study. Ethics approval was obtained from the South Western Sydney Local Health District Human Research Ethics Committee.
Demographic characteristics, medical histories, and presenting clinical features were obtained. All patients were assessed by a neurology-trained physician within 4 h of their assessment in the ED (or immediately if a stroke call was activated) if their presentation was during weekday working hours (8 a.m. to 5 p.m.) (n = 52), and within 24 h of an ED assessment if their presentation was "after" hours, unless a stroke call was activated (n = 56, including 18 weekend presentations). The topography of small CBI, extent of supratentorial WML, and presence of vertebrobasilar disease (VBD) were independently assessed by at least 2 of the co-authors, with results determined by consensus if disagreement existed. Vascular territories were determined in accordance with the diagrams by Amarenco et al. [3] . A small CBI topography was determined from T2 axial MRI sequences (n = 32) or a CT scan (n = 1) and categorised using the functional topographic classification proposed by De Cocker et al. [5] and the Schmahmann diagrams [11] . Small CBIs were classified into anterior lobe (lobules I-V), posterior lobe (lobules VI-IX), and flocculonodular lobe (lobule X) ( Fig. 1) . The presence of presumed symptomatic VBD (excluding dissection) was determined by MR and/or CT angiography (n = 90) and defined as stenosis ≥50% or complete vessel occlusion. The presence of a dominant vertebral artery, defined by a larger diameter on visual inspection, was also examined. The extent of supratentorial WML, determined in patients who underwent MRI with T2 flair sequences (n = 92), was dichotomised into "nil or mild" (score 0-1) or "moderate to severe" (score 2-3) [12] .
A presumed cardioembolic cause of CBI was based on the presence of any prior or newonset atrial fibrillation, left ventricular thrombus, or severe dysfunction (defined as an ejection fraction of <30% on transthoracic echocardiography). All patients had their outcome assessed using the modified Rankin Scale (mRS) at 3 months, with functional independence defined as a score of 0-2.
Associations of continuous variables were evaluated using the independent-sample t test, and categorical variables using the χ 2 test. Independent associations were assessed with binary logistic regression including variables that were significant (p < 0.05) in univariate analysis, with data reported with odds ratios (ORs) and 95% confidence intervals (CIs). Statistical analyses were performed with SPSS software version 23 for Windows (SPSS, Inc., Chicago, IL, USA).
Results
Of the 108 patients (age, mean ± SD 67 ± 13 years, range 32-92; 51% male), 51 (47%) had isolated CBI and 33 (31%) had small CBI, which was isolated to the cerebellum in 17 cases. Twenty-four patients (22%) underwent their initial CT within 4.5 h and 50 (46%) Data are the mean ± SD or n (%). Italic type denotes significance. CBI, cerebellar infarction; TIA, transient ischaemic attack. 1 Data pertaining to 100 patients, as 8 were excluded due to being intubated and sedated after presenting comatose and with respiratory compromise. between 4.5 and 24 h from symptom onset. Twelve patients (11%) had an initial CT between 24 and 48 h and 22 (21%) after 48 h from symptom onset. MRI scans were performed within 24 h in only 3 patients, within 24-48 h in 24 patients (26%), and after 48 h from symptom onset in 65 patients (71%). The 15 patients who underwent CT alone due to having a contraindication to MRI all had large CBIs, with 7 dying in hospital and 3 being functionally dependent at 3 months. Table 1 shows that the patients with small and large CBIs had a comparable distribution of vascular risk factors and clinical features except for less nausea and vomiting, gait disturbance, limb ataxia, and dysarthria among those with small CBIs.
The cerebellar vascular territory most commonly involved was the posterior inferior cerebellar artery (PICA) in 64 (59%) of the patients, followed by the superior cerebellar artery (SCA) in 20 patients (19%) and the anterior inferior cerebellar artery in 2 patients (2%). Two or more cerebellar vascular territories were involved in 22 patients (20%). There was no difference in clinical features between CBI involving the PICA and CBI involving the SCA.
The topographical distribution of small CBIs was in the posterior (n = 22, 67%), anterior (n = 9, 27%), and flocculonodular (n = 2) lobes ( Fig. 2) . Thirteen small CBIs involved the border zone or immediate vicinity of the primary fissure (n = 6 in lobule V of the anterior lobe and n = 7 in lobule VI of the posterior lobe) [5] . There were no cases of small CBI involving the deep cerebellar white matter or nuclei. Dizziness, limb ataxia, and nystagmus were significantly more frequent in patients with anterior lobe involvement. No other presenting symptoms and signs had a significant lobar predilection.
Significant VBD was the presumed aetiology in 33/57 (58%) of the patients with large CBI and 7/33 (23%) of the patients with small CBI. There was a diversity of atheromatous VBD in the small CBIs (4 with stenosis or occlusion of the basilar artery, 2 with occlusion of the vertebral artery, and 1 with occlusion of the PICA) and 2 patients with small CBI had dissection of the vertebral artery. Significant VBD was less common in small compared to large CBIs (p = 0.006). In small CBIs, vertebral artery dominance was identified in 15/31 (48%) of the patients, and significantly more often ipsilesional (10/15, 67%) than in large CBIs (8/29, 28%) (p = 0.01). Cardioembolism was the presumed aetiology in 37% of the patients, but there was no significant lobar predilection in those with small CBI. Six cases were cryptogenic. There was no significant difference either in the frequency of moderate-to-severe WML between those with small CBI (17/32, 53%) and those with large (27/59, 46%) CBI or in the severity of supratentorial WML with presenting clinical symptoms or signs. Overall, functional independence (mRS score 0-2) at 3 months occurred in 27/33 (82%) of the patients with small CBI and 42/73 (58%) of the patients with large CBI. A good outcome was more common among those with small CBI than among those with large CBI, after adjustment for age (OR 3.97, 95% CI 1.41-11.15; p = 0.01). There was no significant difference in 3-month outcomes between CBI involving the PICA and CBI involving the SCA. However, patients with CBI involving two or more cerebellar vascular territories showed a trend towards greater functional dependence at 3 months (p = 0.056).
Mortality at 3 months was 3/33 (9%) for small CBI and 15/73 (21%) for large CBI (p = 0.15). There was no significant difference in functional outcome between small CBI of the anterior and posterior lobes. The presence of moderate-to-severe WMLs on MRI correlated with functional dependence at 3 months, after adjustment for age (OR 3.47, 95% CI 1.12-10.7; p = 0.03). This finding was significant for the patients with large CBI (p = 0.01) but not for those with small CBI (p = 0.7).
Discussion
In our large series of acute stroke due to CBI, small CBI accounted for approximately onethird of the cases and was most common with additional infarction in other brain regions, which is consistent with the literature [13, 14] . Patients with small CBI were less symptomatic, and the infarcts were particularly located in the posterior cerebellar lobe. Small CBI was most often due to cardioembolism and significant VBD, with the latter more likely to cause large CBI. Although there was no association of supratentorial WML with presenting neurological symptoms and signs or the size of CBI, the extent of this disease predicted functional dependence at 3 months in those with large CBI.
Infarcts in the PICA territory generally correspond to the posterior lobe, and those in the SCA territory to the anterior lobe [15] . We found that small CBI was most frequently located in the posterior lobe, which is possibly related to the larger size and vascular supply [15] . The correlation of dizziness and limb ataxia with CBI in the anterior lobe is consistent with the sensorimotor function of this lobe [5, 16, 17] . Clinicoradiological studies of patients with focal cerebellar pathology including CBI found that cerebellar motor impairment typically correlates with lesions in the anterior lobe [17] . The topographical organisation may explain why small CBI, as in our series, often presents with non-specific symptoms and signs, or an asymptomatic MRI abnormality [18] .
There was no difference in vascular risk factors and presumed cardioembolic aetiology between small and large CBI in our study, which is also consistent with the literature [3] , and we were unable to confirm an association of cerebral small vessel disease with small CBI [5, 9] . Other studies have found cardioembolism and VBD to be the main causes of small CBI [3, 4] . In our study, a cardioembolic aetiology was present in 37% of the patients with small CBI, and this was seen with infarctions located in the anterior and posterior lobes. These findings indicate that patients with acute small CBI require investigation for a cardiac source of embolism.
Our study identified a diversity of angiographic abnormalities in small CBI, including 2 cases of vertebral artery dissection. Large CBI was more commonly contralateral to a dominant vertebral artery, supporting the concept that posterior circulation thromboembolism is likely to have a greater impact on blood flow on the side of a non-dominant vertebral artery [19] . Atheromatous VBD was more frequent in large CBI, which is consistent with a propensity for occlusion of a proximal artery to compromise a larger territory of the cerebellum. Patients with small CBI may have underlying atheromatous VBD [9, 20] that warrants vascular risk factor assessment and management.
It is intuitive that small CBI should have a better prognosis than large CBI, as is evident in our study. However, our finding of the severity of supratentorial WML being related to functional outcome at 3 months in large but not small CBI is consistent with another study showing associations between isolated CBI, age-related WML, and function 14 days after stroke onset [10] . These data suggest that the integrity of the supratentorial networks influences functional recovery, particularly with large CBI [10] .
A limitation of our study is the small number of patients with isolated small CBI, although the size of the study is comparable to other studies [4, 9, 10, 16, 20] . Other issues are that we used a simple visual rating rather than a quantitative measure of WML, and an assessment of clinical outcome using the mRS rather than a cerebellum-specific functional measure [16] .
In summary, small CBI, most often involving the posterior lobe, accounts for one-third of CBIs, and causes fewer symptoms and signs and has a better prognosis than large CBI. A low supratentorial WML burden is associated with better prognosis for patients with large CBI. Patients with small CBI require assessment of vascular risk factors and investigation for a cardioembolic source.
